incision has the advantage of being partly hidden behind the auricle. The 12th cranial nerve is easily located in the bicarotidian region and is dissected backward along the internal carotid artery as high as possible (Figs. 3 and 4) . The mastoid process is drilled until the entire mastoid portion of the seventh cranial nerve is exposed. It is dissected and freed from the stylomastoid foramen soft tissue. This dissection is then continued to the division of the seventh nerve in the parotid gland. Currently we use proximal clips to the midface branches so as to favor reinnervation of the others, particularly those of the upper face. The facial nerve is transected at the second genu and rerouted to leave enough length for a suture without moving the hypoglossal nerve. The 12th nerve is sectioned microscopically at the level of the lateral C-1 process. Shortening of the proximal and distal ends of the severed fibers leaves room for the end of the seventh nerve, which is positioned opposite the proximal end of the 12th nerve transection. In this way, a side-to-end nerve attachment is performed. The epiperineurial nerve suture is performed microscopically by using four interrupted No. 10.0 nylon sutures. This suture connects one-half of the diameter of the proximal trunk of the 12th nerve with the whole diameter of the distal end of the mastoid portion of the seventh nerve. The Y-shaped suture zone is protected by a venous casing glued at both ends with 0.5 ml of fibrin glue (Tissucol; Immuno, Vienna, Austria). Good lingual function is apparent as early as the following day. The intervention is followed by passive physiotherapy sessions until tonus is restored, which may take 8 to 10 months. In subsequent physiotherapy sessions, lingual-facial synergy is concentrated on active exercises, using dynamic tongue positioning. Once facial mobility is acquired, however, exercises are focused on restoring independent motion and lingual-facial dissociation.
Patient Population
Analysis was made of six patients in whom side-toend HFA was performed between January 1993 and June 1996. In addition, 24 cases of patients in whom classic HFA was performed and three cases in which May's HFA was performed between 1979 and 1993 were analyzed. A total of 33 patients (16 male and 17 female) with a mean age of 41 years (range 8-69 years) were thus surgically treated. All the patients presented with total facial paralysis following excision of tumors that were in contact with or within the seventh cranial nerve. The tumors included: 19 vestibular schwannomas, two schwannomas of the seventh nerve, two meningiomas, one medulloblastoma, one chordoma, one brainstem astrocytoma, one intrapetrous paraganglioma, one adenoid cystic carcinoma, one fibrosarcoma, and one epidermoid cyst. Three cases of posttraumatic facial paralysis were also included.
Evaluation Techniques
Motor function was assessed in two ways 6, 12, and 18 months after surgery. Voluntary motor function was first analyzed and assigned a Grade of 0 to 3 for each of the six main facial movements: brow furrowing (musculus frontalis), eyelid closing (musculus orbicularis oculi), nose wrinkling (musculi procerus, nasalis, dilator naris), smiling (musculus zygomaticus), lip puckering (musculus orbicularis oris), and pouting (reversion of the inferior lip, musculus mentalis). The overall grade (maximum 20) included two additional points for tonus. A mobility percentage was obtained by multiplying this grade by 5. In cases of HFA, "associated" and "dissociated" motor functions were analyzed separately. The former was evaluated using tongue movements, whereas no lingual-facial synergy was used to assess the latter. The average of the two scores was recorded in the patient's chart. All patients were also evaluated using the House-Brackmann grading system. 14 The results of a patient questionnaire were used to evaluate the consequences of HFA on tongue function. Any discomfort or difficulty in chewing, swallowing, or speaking, and satisfaction or dissatisfaction with the inter- vention were recorded. Extent of discomfort was graded as 0 to 3 on the questionnaire. Lingual atrophy was quantified as severe, moderate, low, or absent.
Results
The delay between nerve trauma and the HFA procedure varied depending on the anatomical condition of the nerve. In the case of nerve sacrifice with consequent loss of the proximal nerve end and, therefore, impossibility of graft reconstruction, the delay was short (Ͻ 6 months, mean 61 days in 19 cases). In the case of anatomical continuity of the seventh cranial nerve, the HFA was performed after a longer delay (mean 23.9 months in 14 cases). For two patients the delay was long (60 and 110 months); these were two children who had been treated 5
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Side-to-end hemihypoglossal-facial attachment and 10 years earlier, respectively, for malignant tumors of the posterior fossa (Table 1) . Of the 33 surgically treated cases, only 28 could be assessed with a sufficient followup period (three patients were lost to follow up and two died). The mean time between operation and evaluation was 57.5 months (maximum 10 years). All patients were evaluated at least 18 months after surgery. The mean time to evaluation in patients who underwent May's HFA and those who underwent side-to-end HFA was 46.3 and 31.8 months, respectively ( Table 2) .
Recovery of Tonus
Recuperation of tonus was faster in patients who underwent classic HFA, appearing in the 3rd month in patients surgically treated after shorter waiting periods (Cases 12, 13, 17, 20, 23, and 24), who recovered a face that was symmetrical at rest after 6 months. Patients surgically treated after longer waiting periods recovered more slowly (mean 12 months). In most cases (23 of 28), patients recovered a normal tonus (2:2). All patients who underwent side-to-end HFA recovered subnormal tonus. Two patients who underwent May's HFA had tonus scores of 1 of 2 and 1.5 of 2, respectively. In certain patients who underwent classic HFA treatment, an excessive depth of the nasogenu groove was noted (Cases 12 and 13). In 11 patients who underwent classic HFA, a tendency toward perioral spasm was noted. In one of these (Case 12), the musculus orbicularis oculi was also affected. No such spasm was observed after side-to-end or May's HFA.
Recovery of Voluntary Motor Function
Recovery took place on average 8.2 months following classic HFA (Table 2) . Recovery time was longer in patients who underwent side-to-end HFA (10.3 months) and much longer in patients who underwent May's HFA (15 months). Evaluation showed nine patients (32.1%) with House-Brackmann Grade III, 17 (60.7%) with Grade IV, and two (7.1%) with Grade V recoveries, with a mean mobility of 38.2%. Recovery of the musculus orbicularis oris appeared better than other functions (score of 2 of 3 on average). The relative mediocrity of nose wrinkling and pouting explains the somewhat disappointing results of midface and lower face mobility (scores of 4.4 of 12 in patients who underwent classic HFA, 2.7 of 12 in patients who underwent May's HFA, and 5.1 of 12 in patients who underwent side-to-end HFA). Eye closure was often tedious (score of 1.3 of 3), but tarsorraphy had to be maintained in only two patients. No movements of the musculus frontalis were noted (0:3), whatever the technique. Voluntary tongue mobility aided overall motor function, but had negative consequences in reinforcing oculobuccal synkineses. Voluntary movements dissociated from tongue movements were limited to the perioral region, except in seven patients (25%) who were able to close their eyes with the tongue immobile.
Tongue Function Difficulty
Tongue difficulty proved rather variable (Table 2) . It included trouble in eating and drinking due to the poor functioning of the buccal sphincter in association with tongue hemiplegia and trouble in chewing and elocution (one case requiring orthophonic rehabilitation). However, in four patients who underwent side-to-end HFA, no difficulty at all was noted. In seven patients, two of whom underwent side-to-end procedures and one of whom underwent May's HFA, only a very slight discomfort was mentioned. In 11 patients (39.3%), including only two who underwent May's HFA, the problem was reported to be considerable and perturbed the patients even 1 year later, which is the usual adaptation period. Finally, in six patients who underwent classic HFA (21.4%), the difficulty was reported as being very significant, with lingual amyotrophy being globally symmetrical.
Variable Outcomes
The results obtained with classic HFA are satisfactory as far as facial movements are concerned. A mean of 38.2% of facial mobility was obtained. In some cases, outcomes were disappointing (Cases 4, 5, 10, and 16). In two of these, surgery was performed 2 years after nerve tran-section. In the others, the quality of nerve suture in patients treated during our early experience was obviously questionable. With regard to facial function, results obtained with side-to-end HFA were at least as good as those with classic HFA. Facial mobility had a mean of 43.3%. Five patients with Grade III and one with Grade IV were noted at a mean follow up of 11.2 months after nerve attachment. Moreover, their lingual mobility was greatly appreciated by the patients (Fig. 5) . Results in patients who underwent May's HFA were inferior (mean 26.7% of facial mobility; two patients with Grade IV and one with Grade V); however, in all three cases there had been a very long delay between the onset of facial paralysis and the HFA (mean 63.7 months). The delay between nerve lesion and HFA is an important factor. For example, in patients who underwent classic HFA, those who underwent surgery within 7 months had a mean facial mobility of 41.7% (16 cases), whereas mobility was only 30.8% in those who underwent surgery after a longer delay (three cases).
Discussion
The efficacy of HFA is now unanimously confirmed. 4, 6, 16, 17, 23, 28 The present study underlines the main features of recovery: protection of the eyes; often insufficient eye closure or blinking; absence of musculus frontalis movements; 26 and a better outcome for the peribuccal musculature. Caution is required when drawing parallels among reported series because of grading differences. 12, 20, 22, 24 Many authors have chosen to establish their own grading scales. 5, 14 In addition, the House-Brackmann grading system has been adapted to grade Bell's palsy,
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Side-to-end hemihypoglossal-facial attachment 31 * Fr = musculus frontalis; L = low; M = medium; N&M = nose and mouth (perioral muscles and others); NE = not evaluated; Oc = musculus orbicularis; S = severe. † Possible scores are as follows: tonus 0-2; musculus frontalis 0-3; musculus orbicularis oculi 0-3; nose and mouth 0-12. Explanation of grading can be found in Evaluation Techniques.
‡ Quantitative scoring is used to provide percentage of mobility. See Table 1 and Evaluation Techniques.
§ Tongue atrophy was measured by the surgical team. The trouble this caused was assessed by the patient (0 = no trouble; 3 = worst trouble).
traumatic facial nerve paralysis, and seventh-to-seventh nerve grafts, but has not been adapted to grade nerve heterograft recovery. Nevertheless, if the reported results are converted to House-Brackmann grading, a high percentage of patients with Grade III (64-100%) and Grade IV (48% according to Pensak, et al. 21 ) is noted. The relatively smaller proportion of patients with House-Brackmann Grade III in the present series (32.1%) can be explained by the severity of difficulties with eye closure (not scored by the surgical team), which was rarely good enough to justify the score given. 6, 28 At present, the principle of hemihypoglossal-facial nerve attachment seems to be accepted despite its surgical complexity. 1, 8, 9, 11, 13, 19, 20, 24 According to Hammerschlag and colleagues, 13 who constantly use rehabilitation combined with biofeedback techniques, motor results in patients who underwent May's HFA may be similar to those in patients who underwent classic HFA, with preservation of tongue mobility. In our series, outcomes in patients who underwent May's HFA were less favorable; however, in those patients there were longer delays in treatment. Moreover, using this technique, the double nerve suture quantitatively and qualitatively impedes axonal regrowth. The rerouting of the seventh cranial nerve, which we propose, avoids this pitfall by providing sufficient length to perform a direct side-to-end suture, thus offering in all six patients outcomes as good as those found in patients who underwent classic HFA as well as good tongue mobility. The results published by Atlas and Lowinger 2 (three cases with a follow-up duration of 6-11 months) seem to confirm these good outcomes.
The usefulness of this evaluation was to underline the importance of lingual difficulty, which may last for a long time but is rarely described in the literature. 3 The hemihypoglossal-facial nerve attachment techniques are aimed at circumventing these problems as well as providing other advantages. 20 The classic HFA procedure uses nerves of different caliber in contact, so their apposition is rendered difficult. In addition, the potential axonal regrowth of the 12th cranial nerve, which is heterogeneous and sometimes The delay in performing HFA should be as short as possible, as these and past results show. 8, 17, 20 According to some authors, a delay of as long as 2 years may be permitted because this allows time for spontaneous axonal regrowth when the anatomical continuity of the seventh nerve has been preserved. 5, 29 The longer standing the paralysis (Ͼ 5 years), the greater the dilemma concerning treatment, because surgery involves sectioning a functional nerve. 7 Similar to Rosenwasser, et al., 24 we believe that hemihypoglossal-facial nerve attachment circumvents the difficulty by avoiding the loss of lingual function in the name of hypothetical good recovery. The two children treated in our series 5 and 10 years after lesioning of the seventh nerve (for treatment of brainstem and cerebellar tumors) had modest outcomes (one patient with HouseBrackmann Grade IV and the other with Grade V), which nonetheless were appreciable with regard to function. Lingual function preservation was all the more important because the patients were affected with multiple pathological entities of the cranial nerves (neurofibroma) or a cerebellar syndrome (posterior fossa tumors), that is, they were already severely handicapped. 9 Whatever the technique or evaluation scale used, data reported in the literature depend on personal evaluation by the surgeon or surgical team. However, there is very little consensus between the surgeon's evaluation and the overall judgment of the patient. 18 The study conducted by the Acoustic Neuroma Association 25 showed that 61% of patients are not satisfied with the results of HFA, with 59% of the patients reporting tongue difficulty as the most troublesome aftereffect. In our opinion, the side-to-end HFA technique lowers the psychological impact of the intervention and the extent to which negative functional consequences are experienced. However, imperfect eye function and insufficient mimic ability remain difficult to eliminate (Table 3) . Results with HFA could be improved in this regard by better and more complete postoperative follow-up therapy. Synkineses are the major drawback to the technique. Only reeducation using biofeedback techniques is capable of reducing this effect by exploiting the capacity of the hypoglossal nerve to regionalize. 12 This is the only method at present for obtaining lingual-facial dissociation in the mid-and long term, and thus the ability to mimic movements, the absence of which leaves so many patients functionally deficient after HFA.
12,13

Conclusions
Hypoglossal-facial nerve attachment is a technique for rehabilitating facial function following a proximal lesion of the facial nerve. In its classic form, it is an intervention that is technically simple and constantly efficient. Although it considerably complicates the surgical procedure, our modification of the HFA spares patients from experiencing troublesome lingual difficulty, which has long been underestimated by clinicians but is mentioned as being important by patients. Moreover, this technique preserves the quality of motor function results and widens the range of indications for HFA.
